The reaction of 1-amino,4-hydroxy-pentiptycene with diacetyl or acenaphthene-1,2-dione gave the respective diimines, followed by alkylation of the hydroxyl groups, and cyclization of the alkylated diimines to the respective bispentiptycene-imidazolium salts NHC·HCl. The azolium salts, being precursors to 
Introduction
Iptycenes are a class of aromatic molecules with arenes fused to a bicyclo[2.2.2]octane framework, 1 which have found numerous applications in polymer chemistry, 2 molecular machines, 3, 4 materials science and in host-guest chemistry. [5] [6] [7] Triptycene, the first representative of this family of compounds was published by Bartlett et al. in 1942 (Scheme 1). 8 The synthesis of pentiptycene was reported in 1974 by Skvarche and Shalaev, 9 but despite significant improvements, 10 its synthesis remains cumbersome. 1 Pentiptycene quinone, on the other hand, is easily available from the reaction of anthracene and benzoquinone followed by the oxidation of the initial DielsAlder product. 11, 12 This quinone can be converted into the respective amino-pentiptycene (Scheme 2), which (like most anilines) 13 should serve as an excellent precursor for N-heterocyclic carbenes and the respective transition metal complexes.
Triptycene phosphines have been used in organometallic chemistry, [14] [15] [16] [17] [18] [19] as well as the recently reported bistriptycenebased NHC ligands, 20 but to the best of our knowledge, pentiptycene-based NHC ligands have not been reported. The use of pentiptycenes for NHC ligands offers interesting prospects, since the pentiptycene unit confers a bowl type shape to the respective NHC. In this contribution, we want to report on the synthesis of bispentiptycene-based NHC ligands and metal complexes with this new ligand as well as preliminary catalytic studies.
Results and discussion

Synthesis of pentiptycene NHC ligands
The reaction of two equivalents of anthracene with 1,4-benzoquinone in the presence of chloranil leads to pentiptycene quinone 1 according to a procedure from Chen et al.
(Scheme 2). 12 In order to obtain a sufficient amount of pentiptycene for the synthesis of the NHC ligands, the scale of the reaction was considerably increased (almost 20-fold) with respect to the literature procedure. This scaling up turned out to be unproblematic and it is now possible to synthesize 75 g of pentiptycene quinone 1 in a single run, using cheap commercially available starting materials. Quinone 1 was converted into monooxime 2 employing a literature procedure. In contrast to literature reports claiming low stability of this compound, 21 in our hands 2 turned out to be stable. Monooxime 2 was reduced to the amino-hydroxy-pentiptycene 3 using hydrazine hydrate and Pd/C. This procedure appears to be more convenient than the literature procedure using SnCl 2 /HCl, which in our hands provided impure materials, whose purification required significant effort. In contrast to literature reports, 21 the pentiptycene aminophenol 3 displays reasonable solubility in several organic solvents and recording 1 H and 13 C NMR spectra poses no problem. In general, we notice that the pentiptycene derivatives display significantly better solubility than the related triptycene compounds also reported by us. 20 Our attempts to obtain the respective diimines with glyoxal and aminophenol 3 appeared promising. However, an impure product was always obtained, which could neither be purified to a satisfactory level nor cleanly converted into the desired azolium salts. Based on the idea, that this might be due to the incomplete conversion of reactants and the formation of diimine isomers with extremely bulky pentiptycene units, we tried the analogous reactions of aminophenol 3 with acenaphthene-1,2-dione. The clean formation of such diimines with conventional anilines 22 as well as their cyclization to azolium salts has been shown before. 23, 24 Furthermore, the acenaphthene backbone enforced Z-geometry of the diimines facilitates the formation of the respective azolium salts with sterically highly demanding N-aryl substituents, 25 whose formation can be very difficult otherwise. 26 The respective azolium salts were obtained in good yields as shown in Scheme 3. We next tested the reaction of aminophenol 3 with diacetyl according to standard procedures, 27, 28 which also leads to the respective diimine in good yields (Scheme 3). Following alkylation of the phenolic -OH group with MeI or BuI, the diimines were cyclized to the respective azolium salts 6a/6b·HCl or 9·HCl using ClCH 2 OEt. 25, 29 The use of this alkylating agent provides much better yields than with paraformaldehyde employed previously for the cyclization of related diimines. 30 
Synthesis of metal complexes
In order to evaluate the coordinating properties of the new NHC ligands, several new metal complexes were synthesized. The synthesis of metal complexes with the new carbenes 6a, 6b and 9 turned out to be unproblematic (Schemes 4 and 5). Several metal complexes with Cu, Ag and Au with coordination number 2 were prepared in good yields according to standard procedures for Cu, 31 Ag 32 and Au. 33, 34 The crystal structure of [(9)AgCl] indicated that due to the pronounced steric bulk of NHC 9 (see below), metal complexes with higher coordination numbers might be difficult to obtain. Despite testing several different approaches the respective Pd(II) complex with carbene 9 could not be synthesized. On the other hand, the synthesis of the four coordinate Ir complexes turned out to be straightforward, even though the higher coordination number of Ir in the expected complexes might have caused problems Fig. 1 and 2) . However, the angles of the planes of the six-membered N-aryl rings and of the five-membered heterocyclic ring are tilted by 17°. Since the two N-aryl units are tilted in opposite directions, the two pentiptycene units are inclined at an angle of ca. 35°. This leads to an interdigitized structure of the four phenyl rings forming the walls of the bowl. Consequently, two phenyl rings are close to the silver ion (shortest Ag-C distances ca. 350 pm), while the two closest carbon atoms of the other pair of phenyl rings are at an Ag-C distance of ca. 510 pm. Two pairs of Ag-C distances are sufficient for the description of the structure, since the silver atom and the carbene carbon of the NHC ligand both lie on a two-fold crystallographic axis. The bond distances and angles within the coordination sphere of silver are unspectacular, since the steric bulk of the NHC ligand cannot act on the two-coordinate metal center. The silver ion is deeply buried in the roughly hemispherical NHC ligand and even the chloro ligand 42 44 The rigidity of the pentiptycene units in the crystal results in a porous solid structure with large empty voids into which the chloro ligands and the methyl groups of the heterocyclic unit are pointing. The formation of porous solids has been observed in other iptycene structures. 45 The presence of solvent accessible pores also explains, why it is very difficult to remove solvent from such compounds -even after prolonged heating under vacuum, elemental analysis provides unsatisfactory values. Such bowl shaped NHC ligands are rare 46, 47 and hold potential for selective catalysis or the stabilization of otherwise unstable species. 48 
Summary and conclusions
Based on a large scale synthesis of 1-amino,4-hydroxy-pentiptycene this aniline was converted into various azolium salts, which are convenient precursors for the synthesis of N-heterocyclic carbenes. The steric shielding of the pentiptycene wings provides bowl-shaped NHC ligands, in which the metal center is buried in a pocket -as shown in the crystal structure of the respective (NHC)AgCl complex. Such ligands offer the possibility for the kinetic stabilization of unusual coordination geometries and could thus lead to highly active catalysts, which will be the topic of future studies. Preliminary catalytic tests employing (NHC)AuCl/AgNTf 2 reveal good catalytic activities in the cyclization of diethyl 2-allyl-2-( prop-2-ynyl)malonate.
Experimental
General experiments
All chemicals were purchased as reagent grade from commercial suppliers and used without further purification, unless otherwise noted. All reactions involving metal complexes were performed under an atmosphere of nitrogen (except gold and copper complexes). Tetrahydrofuran was dried over sodium, distilled under an argon atmosphere and stored over molecular sieves (4 Å). Dichloromethane and toluene were refluxed over calcium hydride, distilled under a nitrogen atmosphere and stored over molecular sieves (4 Å). 1 H and 13 C NMR spectra were recorded on a Bruker AC300 or a DRX500 spectrometer. The chemical shifts are given in parts per million ( ppm) on the delta scale (δ) and are referenced to the residual peak of chloroform ( given.
12,21
Synthesis of pentiptycene quinone 1. Anthracene (66.0 g, 0.370 mol), 1,4-benzoquinone (20.0 g, 0.185 mol) and parachloranil (90.0 g, 0.370 mol) were dissolved in 100% AcOH (2.4 L) and heated under reflux for 16 h. The reaction mixture was cooled to room temperature and a yellow precipitate filtered off, washed extensively with diethyl ether, and then dried in vacuo to provide 77.0 g (88% yield) of a yellow product. 1 Synthesis of pentiptycene aminophenol 3. Monooxime 2 (26.9 g, 0.056 mol) was dissolved in THF (800 mL). To the solution was added Pd/C (5% Pd, 3.38 g), followed by the slow addition of hydrazine hydrate (14.5 mL, 0.3 mol) and leading to the evolution of gas. The reaction mixture was refluxed for 3 hours. The cold suspension was filtered over a glass filter, to separate Pd/C. Since the product is poorly soluble in THF, the residue remaining on the filter should be extensively washed with CH 2 Cl 2 . The volatiles were removed under reduced pressure and the residue was triturated with pentane. The white precipitate was collected by filtration and dried in vacuo to yield the product (23.0 g, 89% yield). 1 Synthesis of diimine 4. Acenaphthene-1,2-dione (395 mg, 2.17 mmol) was suspended in acetonitrile (30 mL) and the mixture was heated to 90°C. After 10 min acetic acid (10 mL) was added and heated until the dione had dissolved completely. To the hot solution was added aniline 3 (2.0 g, . Synthesis of alkylated diimines 5a and 5b. To the solution of diimine 4 (1.5 g, 1.4 mmol) in DMF (75 mL) at 50°C was added K 2 CO 3 (2.3 g, 16.8 mmol). The mixture was stirred for 1 min and MeI (348.8 µL, 5.6 mmol) was added. The reaction mixture was stirred overnight at 50°C. The orange suspension was cooled to room temperature and poured into 300 mL of water. The orange precipitate was collected by filtration, washed with water, methanol and diethyl ether. After drying in vacuo at 70°C, the product was obtained as an orange powder (1.34 g, 87% yield). Diimine 5b was prepared following the same procedure using 2.5 equiv. of 1-iodohexane. The mixture was stirred overnight at 70°C. The orange precipitate obtained after addition of water was collected by filtration, washed with water and methanol (1.37 g, 79% yield). 85 g, 13.4 mmol) . The mixture was stirred for 1 min and then BuI (510 µL, 4.48 mmol) was added in one portion. The reaction mixture was stirred overnight at 70°C. The yellow suspension was cooled to room temperature and poured into water (300 mL). The yellow precipitate was collected by filtration and washed few times with water and methanol. After drying in vacuo, the product was obtained as a yellow powder (1.08 g, 89% yield). 1 4965 . Synthesis of imidazolium salts 6a·HCl and 6b·HCl. A flame dried Schlenk flask containing diimine 5a (600 mg, 0.546 mmol) was evacuated and back-filled with nitrogen three times. Next, chloromethyl ethyl ether (2.5 mL, 26.9 mmol stored overnight over K 2 CO 3 under nitrogen) was added. The reaction mixture was stirred for 5 h at 80°C. After cooling to room temperature, diethyl ether was added, the insoluble material was collected by filtration and washed with diethyl ether. Purification by column chromatography (first CH 2 Cl 2 to remove impurities, followed by CH 2 Cl 2 /MeOH, 1 : 1, v/v to elute pure product) provides the azolium salt 6a·HCl (363 mg, 58% yield) as a pale yellow powder. The azolium salt 6b·HCl (272 mg, 50% yield) was obtained as a pale yellow powder from diimine 5b (530 mg, 0.428 mmol) and chloromethyl ethyl ether (2.5 mL, 26.9 mmol stored overnight over K 2 CO 3 under nitrogen) using a similar procedure. After stirring the mixture for 20 h at 80°C, diethyl ether was added and the obtained solution was sonicated for a few minutes. The obtained precipitate was collected by filtration and washed with diethyl ether affording the pure product. A vial was charged, under air, with 6a·HCl (60 mg, 0.052 mmol), CuI (10.8 mg, 0.056 mmol) and finely powdered K 2 CO 3 (50 mg, 0.362 mmol). To the mixture was added acetone (1.5 mL) and stirred overnight at 60°C. After this time the solvent was removed in vacuo and dichloromethane was added. The mixture was filtered through a pad of celite. The pad of celite was washed with dichloromethane. The solvent was concentrated and pentane (5 mL) was added, affording a yellow solid which was washed with more pentane and dried under vacuum (46 mg, 68% yield). 1 was evacuated and backfilled with nitrogen three times. CH 2 Cl 2 (5 mL) was added via syringe. The reaction mixture was stirred overnight at 40°C, cooled to room temperature and filtered through celite. The filtrate was concentrated under reduced pressure, the residue was washed with pentane and the precipitate was collected by filtration, to afford the desired silver complex [(6b)AgCl] as a yellow powder (123 mg, 73% yield) or [(9)AgCl] as a white powder (97.5 mg, 65% yield). The limited solubility and the weak signal of the carbene C (two doublets) prevent the detection of the 13 C signal.
[ ( To the mixture was added acetone (1.5 mL) and stirred over-night at 60°C. After this time the solvent was removed in vacuo and dichloromethane was added. The mixture was filtered through a pad of silica. The pad of silica was washed with dichloromethane. The solvent was concentrated and pentane (5 mL) was added, affording a yellowish solid which was washed with further portions of pentane and dried under vacuum (31 mg, 45% yield). The gold complex [(6b)AuCl] (84 mg, 73% yield) was prepared using a similar procedure from 6b·HCl (100 mg, 0.077 mmol), [AuCl(Me 2 S)] (23 mg, 0.077 mmol), K 2 CO 3 (32 mg, 0.233 mmol) in acetone (2 mL) at 60°C for 3 h.
[ (6a (10 mL) and vigorously stirred for 3 h at room temperature in the absence of light. After this time the mixture was filtered through celite which was finally washed with dichloromethane. The solvent was concentrated and pentane (10 mL) was added, affording an off-white solid which was purified by column chromatography on silica (cyclohexane/ethyl acetate, 2 : 1, v/v) (60 mg, 51% yield). (40. 6 mg, 0.06 mmol) was evacuated and backfilled with nitrogen three times. Next, toluene (5 mL) was added and the mixture was stirred overnight at 100°C. After this time the solvent was removed in vacuo and dichloromethane was added. The mixture was filtered through a pad of silica. The pad of silica was washed with dichloromethane. The solvent was concentrated and pentane (5 mL) was added, affording a yellow solid, which was washed with pentane and dried under vacuum (137 mg, 79% yield). 1 General procedure for cyclization of diethyl 2-allyl-2-( prop-2-ynyl)malonate
The respective (NHC)AuCl complex (0.01 equiv.) and AgNTf 2 (0.01 equiv.) were placed into a flame dried 10 mL Schlenk tube under a nitrogen atmosphere and CH 2 Cl 2 (3 mL) was added. The mixture was stirred for 15 min at r.t. in the absence of light. Next, diethyl 2-allyl-2-( prop-2-ynyl)malonate (200 mg, 1 equiv.) was added and the mixture was stirred at r.t. in the absence of light for the indicated time. Finally, the solvent was removed on a rotary evaporator and the residue was purified by column chromatography on silica ( pentane/ diethyl ether, 10 : 1, v/v). The fraction containing the mixture of five-and six-membered products was collected and analyzed by NMR.
